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nanoparticles when they are hybridized to the target nucleic acid adequate to give a color 
change will vary with the extent of aggregation, as the results demonstrate. The results also 
indicate that the solid surface enhances further aggregation of already-aggregated samples, 
bringing the gold nanoparticles closer together. 

The color change observed with gold nanoparticles is attributable to a shift and 
broadening of the surface plasmon resonance of the gold. This color change is unlikely for 
gold nanoparticles less than about 4 nm in diameter because the lengths of the 
oligonucleotides necessary for specific detection of nucleic acid would exceed the 
nanoparticle diameter. 

Example 9: Assays Usin g Nanoparticle-Oligonucleotide Conjup ates 

Five microliters of each probe 1 and 2 (Figure 12 A) were combined to a final 
concentration of 0.1 M NaCl with buffer (10 mM phosphate, pH 7), and 1 microliter of 
human urine was added to the solution. When this solution was frozen, thawed, and then 
spotted on a C- 18 TLC plate, a blue color did not develop. To a similar solution containing 
12.5 microliters of each probe and 2.5 microliters of human urine, 0.25 microliters (10 
picomoles) of target 3 (Figure 12A) was added. The solution was frozen, thawed and then 
spotted onto a C-l 8 TLC plate, and a blue spot was obtained. 

Similar experiments were performed in the presence of human saliva. A solution 
containing 12.5 microliters of each probe 1 and 2 and 0.25 microliters of target 3 was heated 
to 70°C. After cooling to room temperature, 2.5 microliters of a saliva solution (human 
saliva diluted 1:10 with water) was added. After the resultant solution was frozen, thawed 
and then spotted onto a C-l 8 TLC plate, a blue spot was obtained, indicating hybridization 
of the probes with the target. In control experiments with no target added, blue spots were 
not observed. 
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Example 10: Assays Using Nanoparticle-Oligonucleotide Conjugates 

An assay was performed as illustrated in Figure 1 3 A. First, glass microscope slides, 
purchased from Fisher scientific, were cut into approximately 5x15 mm pieces, using a 
diamond tipped scribing pen. Slides were cleaned by soaking for 20 minutes in a solution 
of 4:1 H 2 S04:H 2 02 at 50°C. Slides were then rinsed with copious amounts of water, then 
ethanol, and dried under a stream of dry nitrogen. Thiol-modified DNA was adsorbed onto 
the slides using a modified procedure reported in the literature (Chrisey et al., Nucleic Acids 
Res., 24, 3031-3039 (1996) and Chrisey et al, Nucleic Acids Res., 24, 3040-3047 (1996)). 
First, the slides were soaked in a 1% solution of trimethoxysilylpropyldiethyltriamine 
(DETA, purchased from United Chemical Technologies, Bristol, PA) in 1 mM acetic acid 
in Nanopure water for 20 minutes at room temperature. The slides were rinsed with water, 
then ethanol. After drying with a dry nitrogen stream, the slides were baked at 120°C for 5 
minutes using a temperature-controlled heating block. The slides were allowed to cool, then 
were soaked in a 1 mM succinimidyl 4-(malemidophenyl)-butyrate (SMPB, purchased from 
Sigma Chemicals) solution in 80:20 methanokdimethoxysulfoxide for 2 hours at room 
temperature. After removal from the SMPB solution and rinsing with ethanol, amine sites 
that were not coupled to the SMPB crosslinker were capped as follows. First, the slides were 
soaked for 5 minutes in a 8:1 THF:pyridine solution containing 10% 1 -methyl imidazole. 
Then the slides were soaked in 9:1 THF:acetic anhydride solution for five minutes. These 
capping solutions were purchased from Glen Research, Sterling, VA. The slides were rinsed 
with THF, then ethanol, and finally water. 

DNA was attached to the surfaces by soaking the modified glass slides in a 0.2 OD 
(1.7 (iM) solution containing freshly purified oligonucleotide (3* thiol ATGCTCAACTCT 
[SEQ ID NO:33]). After 12 hours of soaking time, the slides were removed and rinsed with 
water. 

To demonstrate the ability of an analyte DNA strand to bind nanoparticles to the 
modified substrate, a linking oligonucleotide was prepared. The linking oligonucleotide was 
24 bp long (5 ! TACGAGTTGAGAATCCTGAATGCG [SEQ ID NO:34]) with a sequence 
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containing a 12 bp end that was complementary to the DNA already adsorbed onto the 
substrate surface. The substrate was then soaked in a hybridization buffer (0.5 M NaCl, 10 
mM phosphate buffer pH 7) solution containing the linking oligonucleotide (0.4 OD, 1.7 
(iM) for 12 hours. After removal and rinsing with similar buffer, the substrate was soaked 
in a solution containing 13 nm diameter gold nanoparticles which had been modified with 
an oligonucleotide (TAGGACTTACGC 5 1 thiol [SEQ ID NO:35]) that is complementary to 
the unhybridized portion of the linking oligonucleotide attached to the substrate. After 12 
hours of soaking, the substrate was removed and rinsed with the hybridization buffer. The 
glass substrate's color had changed from clear and colorless to a transparent pink color. See 
Figure 19A. 

Additional layers of nanoparticles were added to the slides by soaking the slides in 
a solution of the linking oligonucleotide as described above and then soaking in a solution 
containing 13 nm gold nanoparticles having oligonucleotides (3' thiol ATGCTCAACTCT 
[SEQ ID NO:33]) attached thereto. After soaking for 12 hours, the slides were removed 
from the nanoparticle solution and rinsed and soaked in hybridization buffer as described 
above. The color of the slide had become noticeably more red. See Figure 19A. A final 
nanoparticle layer was added by repeating the linking oligonucleotide and nanoparticle 
soaking procedures using 13 nm gold nanoparticles which had been modified with an 
oligonucleotide (TAGGACTTACGC 5' thiol [SEQ ID NO:35]) as the final nanoparticle 
layer. Again, the color darkened, and the UV-vis absorbance at 520 nm increased. See 
Figure 19A. 

To verify that the oligonucleotide modified gold nanoparticles were attached to the 
oligonucleotide modified surface through DNA hybridization interactions with the linking 
oligonucleotide, a melting curve was performed. For the melting experiment, a slide was 
placed in a cuvette containing 1 .5 mL of hybridization buffer, and an apparatus similar to that 
used in Example 2, part B, was used. The absorbance signal due to the nanoparticles (520 
nm) was monitored at each degree as the temperature of the substrate was increased from 
20°C to 80°C, with a hold time of 1 minute at each integral degree. The nanoparticle signal 
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